Experimental methods

AM260W RCs
1 modified with a poly-histidine tag on the PufM polypeptide 2 were isolated from a strain Rba. Sphaeroides lacking light harvesting complexes 3 using n-dodecyl-N,Ndimethylamine-N-oxide (LDAO) as the solubilizing detergent. RCs were purified by nickel affinity chromatography followed by size exclusion chromatography, as described in detail previously (S2), and stored as a concentrated solution in 20 mM Tris (pH 8.0)/0.1 % (w/v) LDAO at −80 °C until use. The sample was diluted with a buffer containing 20 mM Tris (pH 8.0)/0.05% LDAO (w/v) to an optical density of ~0.3 at the maximum of P band for the 2DES measurement in 0.1 mm quartz cell. The sample was kept static during measurement. After each measurement, the degree of the sample degradation was monitored by UV-Vis spectra and less than 2% degradation was observed.
Room temperature 2D electronic spectra were recorded with a diffractive optic-based inherently phase-stabilized four-wave mixing set-up, which was described in detail previously 4 . The repetition rate of the laser system (PHAROS, Light Conversion) was set to 1 kHz. The pulse generated by a home-built non-collinear optical parametric amplifier was centered at 880 nm with a full width half maximum of 105 nm and a duration of 18 fs. The excitation intensity was 2 nJ per pulse, corresponding to a photon density of 3×10 13 photons/cm 2 at which annihilation was negligible. The polarization scheme was all parallel. The coherence time (τ) was scanned from −90 fs to 100 fs, with 1 fs step by employing movable fused silica wedges. The population time (T) is scanned from −1 ps to 1 ns, with a step of 10 fs in −30 fs to 2 ps region. With this laser repetition frequency and intensity, no before-zero signal was observed, showing that there was no accumulation of long-lived CT components and the RCs were functionally active, which was also proved by the reproducibility of the experimental data (test measurements with less 3 population time points were employed).
Global fittings were done for the real-valued total (rephasing and non-rephasing) data. 
